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Abstract . 

I ,  

) L  
In this paper we submit Dirac's cosmology to three cosmological tests: the 

maguitude vs. red shift f o r  optical galaxies and QSC.. the metric angular diameter vs. 

red-shifts for radio-sources and Q S ;  aud finally the isophotal angular diameters vs. 

z for optical galax-es. In each case a comparison is made not only with the observational 

data but also with the best fitted Friedmanians curves. Evolutionary effects a r e  also 

included wherever necessary. While the m vs. z and the gi vs. z cannot be used to 

support o r  refute Dirac's cosmology, it'is found that the 6, vs. z is improved, even 

without evolutionary effects of the type introduced by De Young for radio-galaxies. A 

clean test between ordinary cosmology and Dirac's cosmology is proposed, based upon 

the behavior of Oi/Qm vs. z.. This test was originally proposed by Sandage as a way of 

discriminating between ordinary cosmology and the tired light model. Such tests will 

be possible only when resolutions of the order of .1 arcsec are achieved with the Large 

Space Telescope. In the case of ordinary cosmology, !+/€Im 

Dirac's case @/em is independent of z ,  if the galaxy is treated as a polytrope of 

order 4. Such radically different behavior is a welcome feature of the theory, since it 

makes the test very hopeful. 

-2 
(1 + z) ; whereas in 

1 

For a certain choice of the parameters entering the theory, Dirac's results 

appear similar to those provided by the tired light model of Hubble and Tolman. A 

deeper analysis however, shows that the similarity is very superficial, Dirac's theory 

having the internal cousisteky of being able to define every parameter characterizing 

. -  

8 

it in terms of observable quantities.' 
r r  

Difficulties with Dirac's theory discussed in another paper are taken up again 

here and a balance sheet subject to present day limitations is drawn, with the res& 

that Dirac cosmology cannot be excluded as a viable alternative. 
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1. INTRODUCTION ' 

Thc most elahoratc description of the V'niverse as a whole is  thc one dcrivrrble 

from Einstein's theory. After one has accepted thc Robertson-WaUier (Xi\?) metric 

represcnting a homogeneous and isotropic Universe, Einstein's equations pro- 

vide the necessary machinery to set up a differentid equation for the scale parameter of 

the RW metric, R!t). Three types of geometries are allowed, represented by k = 0, 

+1, -1. The first and second derivative of R(t), knbtvn as the Hubble constant md the 

deceleration parameter, are the cosmological parameters par excellence. They are  

defined by the following relations (Mc Vittie, 1964) 

where 

2 2  2 2  
kc2 = Ho Ro (2 qo - 1) + A Ro c 

L 

. . .  

A is known as the cosmological constant. W e  have in general three parameters 

.. 
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€1, and qo, representing the lefl-hand si& of Einstein,'s equations,. a r c  georue trim: 

quantities giving the slope and curvature of the e.\gansion parameter. go,  t h e  present- 

day matter density, represents the right-hand side of Einstein's equations, Le. matter. 

In their present form, Einstein's equations do not put any constmints upon Ho, 

q and oo, except that they must be related via (1)-(4). 
0 

If A = 0 ,  the previous relations shrink considerably and we are left with Ho and 

Clearly, once q 0 is determined, the sign of k follows, as does the type of curva- 

ture of space, Equation (2). Equation (4) will not tell us anything that Equation (2) has 

not already told us, i. e. , whether the Universe is open o r  closed. Equation (4), how- 

ever, is more transparent in that it can be rewritten as 

8nG = ,- P.E. 
2 q 0 =  - 2 K.E. 

Hcl 

since 

n 

41T 2 - 3 Ro GM Po 
GM' 
RO 

P.E. = - - 
. 

I€ 2q0 > 1, k > 0, then P.E. > K.E., Le. the potential energy exceeds the kinetic 

energy and contraction will set in. For 2qo < 1, we have an open Universe. 
.. 

This approach is attractively simple, since the overall question of openness or 

closedness seems to be amenable to the determination of two parameters, o r  more 

.. 



strictly to o : ~ ,  go,  sincc that alonc dctc%rtnirics the sign of 1;. Simple though it mi. . t 

- sound, the previous program has cIcTied solution. SIIKX 1930, Sandage has  done thc 

. most extensive work in this subject and, as hc IiimselI Ins stressed, perhaps the only 

-answer is that the data cscludc thc steady shtc. The numerical value of q has fluctu- 
0 

pted from a mluc centercd around one (back in the sixties), to much smaller d u e s  

. 03 in 1975. The physical implications arc evidently diametrically different. (Sandage 

1961; 1968; 19'72; 1974, Sandage and Tamnisnn 19'75). Over the years the value of q 0 .  

has steadily decreased toward zero. Sandage's work has not indicated whether this is 

the bottom value, o r  whether one could pass zero and approach negative qo, an acceler- 

ating Universe. This is the latest proposal from an analysis that includes one more 

feature however, the evolution of the galaxies themselves (see IV), 

After years of analysis of the classical cosmological tests, (Le., the m vs. z 

and the (isophotal) angular-diameter vs. z relations), (Sandage 1962-1975) we a re  left 

with the uiisavory taste of not having a definite answer for the value of 9,. The indeter- 

minacy on q raises fundamental questions as to whether the theory i s  incomplete or the 

observational test have left out some important factor. 

,- 

0 

. '  

- 
Tinsley (1968; 1970; 1972; 1973) and more recently Gunn and Tinsley (1975) have 

upheld the point of view that the theoretical framework need not be changed, but that 

evolutionary effects must be included in the analysis. We shall discuss this point in N. 

We can just quote here that one of the latest results of their work indicates that go < 0, 

i. e. the Universe is accelerating. The cosmological constant, which for many years 
I 

has undergone undeserved neglect, is again advocated and the full analysis is very 

complex. 

While such an I1observatioiial approachq1 toward go must certainly be pursued, 

it is clear that a l'lhcoretical approachr1 is equ~illy possible. 



The steady state was one such possibility. It was conceived not as an a l t e r ~ t i v e  

to Einstein's theory, but :LS 3 way to choose anion:: too many possibilities by postulating 

the perfect cosmological principle. That immediately fises a value for qo(= - 1,. and 

one parameter is eliminated from the basket. €1 

~ ~ ~ m o l o g i c a l  diaspom is greatly reduced. It is now believed however, that the 3cz.; 

becomes a universal constant and the 
0 

. black-body supports the big bang and'not the steady state theory. 

The count of radio sources, although not in agreement with any cosmological 

model, is nevertheless interpreted as indicating the existence of evolutionary effects, 

which are excluded by fiat in the steady sbte. The situation is in a way analogous to 

the one described in the discussion of the value of qo. We have not learned to discrimi- 

nate among possible evolutionary models, but to disbelieve the steady state, o r  at 

least this is the position of many cosmologkts. 

Dirac's theory is another possibility. As we shall see, the postulates of the 

theory unequivocally fix the cosmological model, go = 0, leaving to other predictions 

the burden of a direct comparison with observational data. Dirac's theory was motiva- 

ted by the desire to explain the existence of very large dimensionless numbers. It was 

not conceived as a.n alternative to Einstein's theory. It is based on a postulate of rather 

bold nature, which, however, has an ample predictability power, and is therefore amen- 

able to observational test. The theory has gone through several vicissitudes mainly due 

to its original version, which has now been revised and considerably improved. Al- 

though from time to time there appear critics of the theory, so far as the author is . 

aware, none of them has yet come up with a clear indication that the theory in its 

present form is in flagrant contradiction with clearly accepted observatioml facts.' 

. .  

.. 
. .  



Canuto and Lodcnqui (1975) havc discussed the main featurcs of Dirac's thcorjr, 
, .  

as well as several tests concerning the evolution of thc S L ~ ,  white dwarfs, the miclue 
.k 

s /P  of the pulsar JP19.33 and the source count argmcnts.  In every case it l m s  found 

that either Dirac's theory provides too small an effect to be observablc, or in other 

- cases (like in the pulsar case) it could be just the right explanation. However, in no 

instance was it found that the theory is unequivocably contradicting observed data. 

The unacceptability of Dirac's theory exposed for example by Towe (1975) is based in 

our opinion on a misinterpretation of the behavior of atomic distances with cosmological time. 

A clear balance of pros and cons has not yet been drawn and any conclusion is premature. 

In this paper we shall test the theory on three classical cosmological tests. The m, z 

relation for galaxies and quasars, the (e,, z) and (8 i' z )  relations for radio and optical galaxie 5 .  

While the m, z relation is essentially left unchanged, the em (metric diameter) vs. z 

relation for radio galaxies and QSO is improved. Furthermore, we shall show that the 

ratio between isophotal and angular diameter gi/8,, which in ordinary cosmology is 

independent of go and is given by 

in Dirac's case is changed to 

.. 
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the index il; being rciated to the polytropic index n of the galaxy by the  relation 

n-2 [C = - 
n-3 

For a polytropic index n = 4, 6.1'2 
1 . m  is independent of z ,  a strikingly different 

prediction than the Big Bang (8). We consider this as the most stringent test  of Dirnc's 

theory. 

Unfortunately this test cannot be made today since it requires metric diameters 

of about .13", a resolution not achievable with ground base optical astronomy. When the 

Large Space Telescope will be flown, the test will be possible, the resolution being only 

diffraction limited and therefore capable of differentiating between (8) and (9). The 

chief reason for the difference between (8) and (9) is the hypothesis of the continuous 

creation of matter and the decrease of the gravitational constant. The test proposed 

here would therefore be a confirmation of whether new matter (and so also photons) is 

continuously created in the Universe o r  not. 

H. DIMC COSMOLOGY 

Dirac cosmology has been reviewed rather lengthly in a paper by Canuto and 

Lodenquai (1975, referred to as CL) and we shall refer the reader to that paper for a 

full presentation. We shall only state here the pertinent results. 

The fundamental hypothesis is that the various so-called large numbers owe 

their large size to  tlie fact that they depend on the age of the Universe. This is the ouly 

. assumption of Dirac's theory. The rest follows in a consequential and almost uuavoidable 
-1 manner. Since G Nt , Dirac proposes the use of two metrics, the so-called atomic 



,' 

. 
-1 mctric, referred to which e ,  3, m do not vary with time but G 

metric, i? which Einstein's equations art written. In t lqt  metric G, 11 (mass of objcc: 

are constant like in the ordinary Einstein theory, but the atomic constants e ,  m, k, etc, 

vary with time. 

t , ant. ;he FinstEin 

In>Table 1 we sumniarize the results of such variations. Here t is the age of 

the Universe in atomic units. From Table 1 we can easily deduce that the number of 

photons in a monochromatic beam should increase in time. In fact, considering that 

the total energy of the beam 

must be constant in Einstein units and 

we derive 

3 N - t  
. Y  

Since N 

upon remembering that h - const, v 

is a pure number, we must expect the same behavior in atomic units, where, 

. 
2 -1 -1 

N t 
Y 

X , it will then follow that ET - t . 
We shall write the exponent in Equation (11) as a and specify the numerical value only 

at the end. As explained in FL, ,in atomic units, time intervals get stretched in the 

amount 



Time Depencience 

Atomic Units Einstein Units 

v,  (velocity) 

e, (charge) 

h, (Planck’s const. ) 

G, (grav. const.) 

M, (bulkmass) 

r, (distance) 

X, (wavelength) 

.h /me -,(Bohr radius). . 2 2  

to 

to 

to 

* to 

t-l 

t2 

.t 

t 

to 

- -  

to 

t-3/2 

f2 

t-3 

to 

to 

to 

to 

t-l 

.‘ 

. .  



whcrc (3) is the lapse of t ime kl:iCl? f;lr s $-;GI phcnomcitcm to occui' x5en the age Gf 
A 

the Universe was t. As the Universe ages, that same physical phenomenon will take z 
.. 

longer time to occur. The relation between t5e Einstein and atomic nictrics is there- 

fore given by 

dSA- t clsE 

Sincc in Einstein units Dirac's cosmology requires the .use of a static Universe i. e. , 

the original Einstein Universe, we shall write for  d s i  (Tolman, 1966) 

From now on we shall use the greek letters T and p to indicate times and distances in 

Einstein Units. In Equation (14), RE is a constant defined by the equations 

A + 8n p = 3 R;' (15) 



Finally w e  must remember that the definition of red-sWt is 

c 

t 
t 
0 1 + 2 =  - 

where to is the age of the present age of the Universe in atomic units and t the time 

of emission of the photon under consideration. 

IIT.. THE.Ix VS. z REIATION 

Let us consider a photon that leaves a source with energy hve . If Ne photons 

are emitted in the time interval A t e ,  the absolute luminosity of the source at the time 

of emission is 

hve 
. X(te) = - Ne * %  

The average flow of energy per unit of time recorded by the observer at the time to, is 

where S is the area of the pseudo-sphere surrounding the observer. From Table 1 and 

Eq. (12) we deduce that (in atomic units) . h  
* *  



From (16) wc? finally b v e  

. .  

2 The factor (1 + z) also enters into the usual derivation of &(to), the only differ- 

ence being that in Eq. (19) one has R(te)/R(to) instead of t,/to. The -1 result is how- 

ever the same. The dif€erence lies in the factor No/Ne. In the ordinary theory, where 

there is no creation of photons along the way, the number of photons that left the source 

is clearly the same as the one that reaches the ‘observer and so Ne = No. (Mc Vitt ie ,  

1964 page 164). In Dirac’s theory this is no longer true. N 0 is greater than Ne, since 

the original photons have mdtiplied themselves on the way to the observer. Using (11) 

we must write (we leave the exponent undetermined to be able to recover the old result) 

or 

/’ 

. .  

No = Ne (1 + z)“ 

. .  



EO ,that finally 

_ .  

Since the surlace S is proportional to 

. .  
.. 

Equation (22) gives 

, 

In ordinary cosmology as well as in Dirac theory (when working in atomic units) 

the radial trajectory of a photon is determined by putting ds2 = 0 in the metric 

dr2 + r 2 d n 2  ’] 2 2 2  2 ds = c dt - R (t) [ 2 I - k r  
0 

thus obtaining 



.. .. 

. .  

. .  t 
- 0  

Since the right-hand side can be integrated for any value of k with the result 

we have that the general expression for r e is 

. . .  

c dt { (-k?I2J l- -m sM r = (-k) e 

At this point the two theories differ. In fad, in ordinar$ cosmology one uses Einstein 
equations to express R(t) as a function of t and the parameters qoy A, a. etc. The 

result of such analysis is (Solheim 1966, Appendix lI) 



, .  

F(z, 0) = z(1 -L 2/2) 

F(z,q) = 211- b ( q - l ) z ?  - small 2's 

Substitution of (26) into (23) with a = o,yields the following result for ordinary cosmol- 

ogy, €Io R(ti) = c , 

Within the framework of Dirac theory, we cannot use Einstein's equations to ercpress 

R(t) vs t. However,as we have explained in deriving Equation (29) of LC, the theory 

itself provides us with the function R(t), namely 

so that finally we have from (25) 

sin [ b h ( l + z ) ]  k = + l  

e .  

b h (1 f z) s k = O  

sinhb fir1 (1 + 2) 3 9 IC = -1 

-. 

. -  



wbcre the pamruetcr b is defined as 

. 
c 

or upon using Einstein equations to.esFress R in ternis of via (15) with p = o E 

where the critical density p, is defined as 

- . The parameter k must be chosen +l. In fact, insefing (29) into (24) calling r RE = p 

and comparing the result so obtained with (14), shows that (13) is satisfied only if k = + 1. 

In conclusion,within Dirac's theory the apparent luminosity is 

c 

.. 

- 



We have explicitly wri!.&.cn Ls\tej iltld I (t 1 hi. thc toti: L ~ S G ! G ~ C  luiiiizositics t 

ordinary cosmology and Dime cosmology in order to emphasize that they a r e  difirrent. 
“D e 

Before translating (28) mc! (33) into magnitudes. and discuss the (m, z) relation, 

we would like to point out several interesting points. From what we said before, one 

could get the impression that within Dirac theory, Einstein equations are  actually not 

used since we have arrived at our final result, (33j without them. This is actually 

not so. The parameter connecting the two theories is RE in (29). In fact onlp through 

the use of Einstein equations (15), were we able to give a physical interpretation to RE, 

Equation (22). In a way this is to be expected. In fict in ordinary cosmology the forinula 

for r contains qo which in turn is written a s  (see (3) with A = 0) e 

<- 

in such a way that a fit to the observed luminosities (or magnitudes) can be interpreted 

as a way of deterniining the density p (in units of pc). The aim of the (m, z) test is to 

determine qo. In Dirac theory we do not have a qo and therefore the last equation 

correcting q and p does not exist. The physics is however the same. Through the 

* 

- 

0 

use of (32) , the parameter b is again connected with the density and therefore the 

m vs z test has the same purpose of determining p/p,. Finally, we would like to notice 

that Equation (30a) is the same as the one given by the tired light model, first proposed 

by Hubble and Tolman (1935). In that model however, there is no way to relate b to the 

density and therefore no equation (32). b wasan entirely free parameter and that makes 

the tired light model a less complete structure than-Dirac’s theory. 



' .  
W. THE ABSOLUTE LURIIXOSITIES EJ'O1,L'TIOXARY EFFECTS 

In the work of Sandagc throughout the years it u-as assumcd that the absolute 

luminosity of a given plzxy does not change in time and therefore 

This is equivalent to saying that the absolute luminosity of a galaxy is not affected by 

the change in luminosity that its components undergo during the transit time of the 

light from the galaxy to US. 

Recently this assumption has been rediscussed and i t  seems that evolutionary ef- 

fects can seriously affect our knowledge of go. We shall return to this point in the 

following. For the moment let us assume that (34) is valid. Can we assume that 
- 

is also valid? The answer is no. In fact, even without stellar evolutionary effects, 

Eq. (35) cannot hold in Dirac's theory since the mass of every star increases with time 

like t and this alone must have some effect. In order to study the effect we first need 

the general relation giving us R, T and L VS. M and G. Using the full set of equations 

of stellar structure ancl assuming a perfect gas equation of state and expressing the 

2 

. 

_c ,' 

nuclear energy generation and the opacity as 



(36) 

..-- 

the following resd ts  can be derived for the radius R, temperature T, and intrinsic 

luminosity L of each star, 

(37) 

(38) 
1-g1 1-y 1 + g l - 2 m l  

T - G  M n f t  

L Gy M5 26 - Y  - t  

.where 

n + k 2 - 4  n - 1 + kl + k2 - I - - 
gl n + 3 + 3 k l + k 2  ' ml n + 3 + 3 % + k 2  . .  

4 n + 3 % n - 3 k2 + 12 
n + 3  + 3 k l  +kZ 

3 n + 2 n $ + 3 kl - k2 + 9 

n + 3 + 3 kl + k2 
y =  , 6 E  

. . .  
. . . . . - .. . - . .  . .  .. . . . . . _ _  __.___ ~ .... --- .- ~ . - . 

1,. 

The particular case of Kramers opacity kl = 1, k2 = -7/2 \vas first worked out by 
2 

* Ganiow (1967). Since in Dirac's theory G - t-' , M t ,the luminosity L varies like 

.. . . .. 



1.0 gencml n is large with respect to both k 1 and ko - and so the qutzntiq- 26 - v can be 

a pp ro si ma t e d tiy , #  

so that (39) can be written 3s 

A quick insertion of (45) into (33) with a = 3 shows that the effect of photon multiplication 

is almost exactly canceled by the lowest intrinsic luminosity the source had at the t h e  of 

emission. 

In order to evaluate 

model employed by Tinsley 

\ 

the total luminosities XN and L,,, we shall generalize a 

(1972b), in which all the stars in gE galaxies were formed 

at the time t = o with a mass function . 

dN/dM = 

with x independent of time. 
.. 



. _  ., 
;h t 

. .  

Using (39) we then have 

. 

so that the total luminosity S. D (t) at the time t when the main-sequence turn off fumi- . 

-nosities is L (t) is given by D 

(448) 

Let us first extract the Dirac dependence by using G - t" and (39). The result is 

t 50) 
26 = J y t )  (1 + z)Y - 

Equation (50) proves that (45) is valid also for the total luminosity. In going 

from (48) to (49) we have eliminated No in favor of N, the total number of stars being 

a time-independent quantity in both cosmological models (barrin, 0 exoteric effects like 

cannibalism, recently advocated by Ostriker and Tremaine 1975). 

0 

I 

- _  



- .  

\ 
., ’ I 

. ,  

.. - 

, ..’ 

Considering that the  time spent on the X S  .is 

we can write 

- - .  

4 - -  

For the total luminosity 

and the G dependence. 

(51) 

we can again use (18) except that now we can drop the index D 

We then obtain *) 

- 

. .  

On the basis of Tinsley (1972b) result that the giants and all stars beyond the MS 

contribute very little to evqlution, we shall limit ourselves to (53). 

*) 

(53) 

354) 

We think that there cannot be any possibility of confusion of this evolutionary 

index k with the geometrical k used in (24), since that was set equal to one 

* 

and never used bclow Equation (33). 

. .  



Substituting now (53j into (28) gives 

where 

For small z l s  we have, using the last of (27) 

* * 
F (z, 9) = F(z, 9) (1 - 5 kz) = F(z, q ) (57) 

(58) 
. .  * 

q = q + k  

which is just a renormalization of q. This means that the m, z relation actually deter- 

mines q not q and since k is positive, the geometrically meaningful parameter 
* 

(i.e. q) will always be smaller than the one we measure. Considering (53) as a 

Taylor expansion for snlall t-to, we can write 
0 

I 

.’ ..’ - -  



* A chmtge of .03 mgikd!es per billioa years can lowcr tho vuluc of q 

mthcr largc disturbaxe of the real value of q has recently generated a codused sitii- 

ation. In fdct, should the a c d  value of q determined from the (m, z) relation, i. e. 

by . 3 .  This 

* <  

,, 

* 
q , turn out to be close to zero, as the latest detcrmimtions seem to indicate, then the 

geometrically meaningful q would be negative, implying an accelerating Universe. This 

is possihlc only if one includes the cosmolog3cal constant, after which the situation be- 

comes almost arbitrarily complex. On the contrary, evolutiotmw' effects are very easy 

to account for in the Dirac cosmology, as we shall see. .. 
' 

. _  

Substituting (53) into (50)  and then into (33), gives for the Dirac's case 

where 

. .  

, 

Translating luminosities into magnitudes, yields the results 

- .  
= M + 51g ( g )  + 16.504r: 

cN . *  

.. 



%->ere we have used (31) to express RE in ternis of No and b. 

In Table 2 we present ms vs. z as well as mD vs. z for three different 

values of the density parameter p/pc and for k = 0 (no evolutionary correction) and 

k = 1. For the case of ordinary cosmology, we employed Sandage's best fit (1972~) 

- 
which is a particular case of (62) when , 

* 
q = 1 ,' CN - - - 6.46 

In Dirac's case we have taken a + y - 26 =5: 0 as from (40) and (41). Jn order to have 

a feeling f9r the results provided by Dirac's theory, we have plotted in Figure 1 the 

observational data, as from . the work of Sandage (1972d), Sandage's fit to the points 

(solid curve) corresponding to Equation (66) and the two extreme cases in Dirac's 

theory. The curve bending towards the left corresponds to colunh 9, i. e .  to 

_. 
p/p ,=  3 , k = l  , x = 2  

.. 
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whcreas thc one to thc right of Sat~dagc's curvc'corrcspouds @I colunm 4, i,e. to 

The remaining results listed in Table 2 fall between the two estreme cases. 

V, METRIC ANGULAR DLMLIETERS 

Let us consider two events occurring a t  the points (hIc Vittie 1964) 

at the same time te and let the observer be located at (0, 0, 0) a t  the time t .o* The two 

emission events are  separated by a local distance 

where we have used the metric (24). The ''metric angular diameter" of the source is 

defiued as 

, 

.. 



where 3 is t3c radius of the sourcs and where w e  Wve used the R(t 0 ) = R(t) (1 A z), 

, As usw1,r (2) is defined by ecpation (26). 
L e . .< 

In thc case of Dirac's cosmology we have 

(72) 

when we have used (89) to eliminate R(t,) and (31); re(z, b) is given by (30a). It's easy 

to understand that the factor b should appear in the numerator of (72). In fact for 

small values of q's (or equivalently of the density), the function re(% q) of (71) goes to' 

z, whereas re(z,b) goes to zb. The b in the numerator just makes (72) finite and inde- 

pendent of b for small values of b's. 

In the case of ordirary cosmology the results for 

q = +1, -1, 0, 1/2 

are as follows 

2 = y (1 + z) z-1 (1 + z)'l ern 

. 
2 -1 = y (1 +z) z *m 

-1 e . = y  z .  (1+z) m .  

q = o  

.. .. 

q = -1 

- .  
c. . 



. 

q = 1/2 

-1 
. e , = y z  

In the case of optical gala-sies, the use of metric diameters has been of limited 

application, mainly because what wemeasure a re  isophotal rather than metric diameters. 

In Figure 2 of Baum (1973),the (ern, z) relation is presented for several values 

2) curve that led Hoyle to stress of qo. The famous feature of a minimum in the ( 2  

the possible cosmological importance 'of this test,has so far not been of great help, both 
'm' 

because of the reason just stated and also because of the difficulty in recording galaxies' 

images at large redshifts, where the differences among several world models become 

important. 

The situation is very different in the case of radio-sources. The most @pica1 

morphological feature of a radio-source is the double structure, i.e. the existence for 

two bright lobes on the side of a central galaxy or QSO. The an,dar separation behveen 

the two components is indeed a metric diameter. - 

Several plots of e, vs. z for radio galaxies have been made in the past (Legg 

1970; Miley 1971; Wardle add Miley 1974). The results of W a d e  and Miley are re- 

ported in Figure 2, where the data for 166 QSO are  collected. Curves I and II corre- 

spond to 

9 
ii) 

Static Euclidean Model 

q = 112 . .  



. .  

. .  
.< 5 

. .  

- -  

In order to write (72) in the framework of Dirac cosnioloD, it is not enough to 

Simply use re as given by (30a). The quantiQ y (or more precisely the radius) can in 

fhct vary with timc. If w e  consider the galaxy to be a pol.ytrope of indes n 

Y I ? - p  9 y = l + l / n  

the variables G, M and 9 must satisfy the relation 

G M2 - y 3 3y - 4. = const 

-1 . a's shown in Equation (81) of LC. Since G t , M - t2 the radius R must vary as 

(74) 

. .  

On the grounds of Equation (16) we can write 

(75) 

so that the findl result in the Dirac case is (in arcsec) 

.. 



-1 -1 where 3 is given in wits 01 r300 kpc, and 11 0 in w,its of 59 l m  scc Npc . Curves 

\\. I and U in F i p r e  2 a re  for 3 = 500 and lJo = 50. 

1lii.s howevcr is not the full story. In facbrecent work on radio-galasies suggest 

that the radius 3 cau change with time. It is an evolutionary effect of an altogether 

different nature than the one described before. This effect is entirely due to the dynari- 

ics of the galaxy or x t h e r  of the two radio lohcs tliat in the expansion perform work 

against the intergalactic medium. 

tions of this effect and his result is that the radius 9 varies like 

DeYoung (1971) has perfonnod numerical calcula- 

-4/5 3 (2) = 3 (0) (1 + 2) 

so that 

(77) 

When this is substituted in the expression for e, (q = 1/2) in (71), the result is curve 

III in Figure 2. 

The variation of 9 vs. z, (75), implied by Dirac's theory has however nothing 

to do with (78) and is in no way a substitute for it. As always, the effects of Dirack 

theory must be superimpose'd o r  added to any other already existing physical effect. If 

we believe DeYoung's model, we must include (77) in (76). 

In Table 3 we present the values of 0, for the flat-Euclidean case (second 

column) as well as for Dirac's cosmology for w = 0 ,  1, 2, for three values of the density 

parameter p/pc, namely 
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In Figure 2 we present tlx data. of Wardle and Milcy and five theorcticd curves. Curves 

1 and 11 correspond to the flat-Euclidean model and q = 1/2. Curve III incorporates the 

DeYoumg correction ('17) for the q = 1/3 case. Curvc D correspond to Dirac's case 

p / G = O . o l  , n = 4  , w = Z  , 

third column of Table 3. The curve marked DDY is column 3 of Table 3 multiplied by 

the DeYoung correction bctor  (1 + z ) - ~ / ' .  Among all the Dirac cases listed in 

Table 3 we have chosen to plot the one corresponding to a polytrope of order 4. 

The density is 100 times smaller than the critical density. Inspection of Table 3 

reveals that only for the high-density Universes (p/p, 2 1) the e, vs. z curve 

has a minimum. The lower density Universe (for w .= 0, 1, 2) do not exhibit such 

a feature. 

VI. ISOPHOTAL DIAMETERS 

Let us now study the isophotal diameters, i. e .  the angles actually measured in 

optical astronomy. When one observes a close-by galaxy, the largest isophotal diameter 

coincides with the metric diameter, defined as the actual geometrical size from one side 

to the other. When the same galaxy is placed further amy ,  the real boundary of the 

galaxy are lost, being dimmgr than the bte-p-al pare .  It will therefore be very difficult 

to measure metric diameters and only isophotal diameters will be measurable. The 

maximum (measurable) isophotal diameter will no longer coincide with the metric 

. .  



diameter, hut it will reprcscnt just n diamctcr si@%{ 1:irgcr than thc brightest centrd 

part. Evidently the t i r t h e r  an.ay thc g>ln:q, the smillcr will be the mm-imum isophotrll 

diameter cornpred to the acrid metric diameter. In conclusion, onc can expect that 

1 -  

In order to derive the form of Ci we must derive the surface brightness, defined as 

’ (Sandage 1972a) 

(79) 

where 4. is the apparent 1uminosiQ-, Equatbns (28) and (33). In the case of ordinary 

cosmology, the result is - 

where it is seen that the quantity re, that depends upon q, has actually disappeared. 

Equation (80) is therefore valid for any value of q. We have written SN(te) and y ex- 

plicitly since evolutionary effects can come in and bring an extra dependence on z, 

However since we shall deal . only with optical galaxies, the radius y = 3 Ho/c is not 

expected to change and we can therefore drop it from now on. J: N e  (t ) can however vary. 

.. 

.. 



fn the case o€ Dirac cosmology as a result of Equations ( W ) ,  and (33) we have 

We a re  now in a position to compute 2 the isophotal angle. The determination is 
-i' 

usually made by using a (semi-empirical) formula of Hubble giving the variation 

of B vs. e, i.e. J) 

.- 
/ 

. .  

where the index p is about 2. Bo is the central brighkess and for Bo > > Bi we can 

write 

. .ei - Bo l /P  
8, 

Clearly Bi is of no interest since it is a quantity decided upon by the observer, who sets 

the luminosity he wants to observe. Bo is however an intrinsic property and it varies , 

' with z as dictated by Eq. (80) o r  (81). 



W e  Skill h1t.C 

For the case considered before 

we have 

i ."/" (te) (l + z) -4/p 
8, 

-4/p + 2 d P  - ei cv (te) (1 + 2) (Dirac) n 
"m 

Specifically for the Dirac case we have . 
. .  

independent of z . (plytrope order 4) 

0, 

ern 
-- (1 +z)-l/P (polytmpe order 5) 

(plytrope orclcr a) 

.. 



!t is interesting to note thzt the plytrope of o rde r  5 yiclds the same rzsult 3s the tired 

' light modcl. .: 7 

Sanchge (1954~1) has proposed that one of the most usefid e.uperiments achievable 

with the large space telescope (LST) could bc precisely that of measuring metric 

diameters at say z = . 5  or greater,and then comparing the results \tit11 the predictions 

of bolh Eig Bang and the tirexl light cosmologies. 

We would like to extend such a proposal as a powerful test of Dirac's theory. 

Difficult evolutionary effects have been subtracted off, since they are the same in both 

theories. Unless uj is zero, Dirac predictions will differ from ordinary cosmology. 

it seems to be a very clean observational test unless it so happens that gi/em falls 

off exactly like (1 + z ) -~ '~ ,  in which case ;e1U have no way to know whether Dirac's 

theory o r  the tired light model is correct. 

The LST has the capability of resolving less than .1 arcsec and i f  it is ever 

flown,it will certainly allow for this most interesting cosmological test. Let us now 

study the isophotal diameter. Eliminating €Irn from Equations (84) and (85) via (71) 

and (76) we get 

v = 4/p - 1 + u) (1 - 2/p) - (a + y - 26)/p 

.. 



(Dirac) 

In Figure 3,  we present the observational points as from the work of Sancla, *e (1972), 

. .  as well as his f i t  using (85) .. . 

1g ei = - . 9 8 6 1 g c ~  + 5.331 

which corresponds to c 

g (t ) = g (t ) = const. * 
p = 2 ,  q = I  , N e  N o  

In the case of Dirac’s cosmology, we have instead 

1g ei = - .986 lg c(l + z) re (z, b) - .986 l g  b + 5.331 (93) 

corresponding to (91). The normalization constants has been chosen in such a pray that 

(92) and (93) coincide for z 4 0. In Table 4, Hie present (92) and (93) for several values 

of z, for the three values of p/pc employed before. 
- -  .. 

t 

- .  



3 ABLE 4. ISOPHOTAL ASGVLiR DIANZTEI?S (AECSEC) FOR ORDIXARY 

- 
- COSM01,OGS AND DIR.\C'S COSMOLOGY 

lg cz lg s. (Dirac) 
1 

2.42 2.42 2.42 

1.88 1. E8 1.88 

1.35 1.38 1.38 

. 003 3.0 2.37 

. 0105. 3.5 1.88 

. 0333 4.0 1.38 

. 1054 4.5 . 891 

.333 5.0 .40E 

. 87 . 87 8 37 

34 . 35 37 

-2 
p/p, = 10 d P ,  = Y 

- .  

. .  

' .  

. . - .  



Concluding Remark; 

A vi,.tble alternative to existing cosmological theories must perform at least 

equally well md pssibly inprove the fit to thc traditional tests ni vs. z, c '=n vs. z 

and e. vs. z. One of the aims of this papcr wis to show thLzt this requirement is 
1 

indeed satisfied by Dirac's theory. In fact inspection of F i p r c s  I, 2, 3 indicates that 

the theory has certainly passed the test. Noreover it has the nonmargiml property- of 

having improved the Sm vs. z test. 

Let us first analyze the m vs. z. Used extensively by Sandage, this test  has 

over the years provided a value of q 0 much greater than the one obtained from the ob- 

served amoimt of deuterium, if  this is of cosmological origin. This last test indicates 

an open Universe q 2 . 03, a value never achieved by the m vs. z analysis, if evo- 
. 4- 

0 

lutiohry effects are  not included. 
- 

Recently, Sandage and Tammanu (1975). have concluded that despite their 

earlier belief in the use of the m vs. z relation as  a cosmolo,aical test, the following 

relation should instead be used 

once the Hubble constant has been determined. Even without kuowing the exact age of 

the Universe to, the very &ct that it must be greater than the age of globular clusters, 

poses restrictions on qo. With the most recent value of Ho(-50 2 3), and an age of 

9 globular clusters around . .  14 10 yr, go cannot exceed ~ ~ ~ 0 3 .  We shall recall in h c t  

that - .. 
. *  

. .  

. 



for any positive q 0- 

Such a value of qo is llow in accord with the one obtained from the abundance of 

deuterium. To reach such izn agreement however we had to set aside the m vs. z 

relation. ,, 

Tinsley and Gunn, by retaining the m vs. z relation and including evolutiomq 

effects have shown that the value of qo can indeed be lowered. No matter which of the 

bvo approaches will turn out to be more reliable, there is little doubt that we are con- 

verging tonard a value of qo much smaller than one. 

f- 

Dirac’s theory demands qo = o and this is clearly in harmony with all we have 

said so hr. The spirit of Dirac cosmology is different however. In Friedlllanian 

cosmologies, the main parameter q 0’ defined in terms of the scale factor R(t) - alone, 

is coupled via Einstein equations to the amount of matter in the Universe, 

wo = P I P c  

The m VS. z relation as well as  the lmowledge of the amount of deuterium yields a 

value for q i.e. they determine the type of geometry of the Universe. 
0’ 

In Dirac’s theory, the geometry of space is determined by the very postulates 

of the theory. 

. _ - .  



Einstein equ%tions P E  sucn) can only bc wripen in Einstein units and lile choice 

-Q 
of geometry 1s unique, thc Lniverse T:st he sbric. For tut we nceu 3 cosmological 

constant ;., whose wlue cannot however be determined by Dimc's theorl;.. From 

equation 15 x c  have 

Tn performing any of the previous tests, we have employed quantities measured in 

atomic units. In these units we do not have Einstein equations. However if the space 

is homogeneous and isotropic, the metric is of the RW type, Equation (24). The es- 

pansion factor R(t) has a time behavior dictated again by the postulates of the theory, 

i. e .  we have 

R(tj - t , k = l  (97) 

- 
and this fixes the type of space qo = 0. Having determinet the function R(t) a priori, 

it could appear as though the previous tests have lost their main objective. This is not 

the case. Tn fact the proportionality constant between R(t) and t, is precisely RE, 

which is given in terms of the density. 

The search for a fit of the theoretical m, em, €Ii to the observed values is 

therefore a search for the amount of matter in the Universe. From Figure 1 one 

could be tempted to conclude that Dirac's theory performs no better than the 
11 

. Friedmanian cosmologies. Actually we think it does better. In h c t  t we limit our- 

selves to none-evoliitionary modcls, the value q = 1 provided by the best fit is simply 

too high compared to .03 quoted before. In order to reduce it, w e  nced evolutionary 



effects t!l;zr, cz, however ml;e it neecive. In Dirac's theory evolucionrtry efkcks cail 
. ,  

24 be accouutcd for without :my extreme consequences. 

- 

What about the em vs. z relation? Ord:s,ary Friedmanix niodels do not fit 

. the data exceedhgly well, whereas the EuclideLvz curvc seems to do better. Even with 

evolutionmy effects of the De Young type, the situation is not greatly improved. Dirac's 

cosmology even without evolutionary effects provides a1 ready a better fit. 

The ;i vs. z relation is not greatly altered. Here, however, much of what w e  

said concerning the m, z curve can be restated. In b c t  evolutionary effects count 

again very heavily and the apparent q I 1 fit actually could well correspond to 
- * 

negative q. 

Finally>we would like to comment on the important prediction for e,/&. As 

explained earlier, we attach g-reat importance to this test since it can definitely rule 

in favor o r  against Dirac's cosmology in a way not matched by any of the other tests. 

When the LST will be flown and the test hopefully carried out, the viability of 

Dirac's theory will definitely be checked, 

. 
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Figwe 1. 

Figure 2. 

Figure 3. 

FTGLT,E CAP TI0 SS 

The ap-parent mgnitude vs. red shift relation. The solid curve corre- 

sponding to normal cosmolog- is from the work of Sandage (19i3a). The 
two extreme cases of Dirac's cosmology, correspondin, 0- to columns 9 

and 4 of Table &are  represented by the dotted lines. 

The largest metric an,dar diameter for radio sources,Curves I, II, TI1 

correspond to ordinary cosmology, as from the work of Wardle and bIiley 

(1974), whereas D 

tails see the text. 

and DDY correspond to Dirac's cosmology. For de- 

The isophotal diameter vs. 2.. 
* 

The solid curves corresponding to q = 2.5,  

1, -1 for ordinary cosmology are  from Sandage (1972b). Dirac's cosmol- 

ogy gives rise to the dotted curve. 
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